Pathogenic autoantibodies from patients with systemic lupus erythematosus (SLE) may represent a relatively cationic fraction of igG. We compared the spectrotype distributions of affinity-purified lgG from the sera of 10 SLE patients and 10 age-and sex-matched control subjects. Purified lgG was subjected to isoelectric focusing between p1 3 and 9. No significant difference was observed for p1 6.0-6.5 and 7.5-8.0. However, control subjects had a higher percent of total lgG at 6.5-7.0 (15.4 ± 4.0 vs 11.1 ± 2.0, P = 0.008) and at 7.0-7.5 (22.4 ± 4.8 vs 18.2 ± 3.8, P = 0.04) whereas SLE patients had a higher percent of total igG at 8.0-8.5 (24.3 ± 3.0 vs 20.5 ± 4.0, P= 0.03) and at 8.5-9.0 (21.9 ± 5.9 vs 15.1 ± 3.7, P = 0.006). Spectrotype distributions of circulating lgG from SLE patients are skewed toward higher p1,providing further evidence of proliferation of B-cell clones that express more cationic lgG in patients with SLE. Longitudinal studies of serum lgG from several patients for >1 year reveal distinct changes in both cationic and anionic clonotypes, suggesting clonal expansion of antiidiotypes to autoantibodies. whether they can be detected in the circulation of human subjects with SLE. Here we describe the use of affinity-purified IgG from the serum of patients with SLE in conjunction with isoelectric focusing (IEF) to study the spectrotypes of circulating IgG in this group of subjects.
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the glycosaminoglycans (7) (8) (9) . Ionic interactions are believed to play a role in antigen-antibody binding, and the presumption has been that cationic antibodies would bind these antigens. This binding has not been consistently demonstrated in studies of eluates from the kidneys of murine SLE models, although there has been evidence of some immunoglobulin restriction in these models (10, 11).
This immunoglobulin restriction
raises the question of whether these cationic populations of autoantibodies are sequestered in tissue-bound immune complexes and, by extension, whether they can be detected in the circulation of human subjects with SLE. Here we describe the use of affinity-purified IgG from the serum of patients with SLE in conjunction with isoelectric focusing (IEF) to study the spectrotypes of circulating IgG in this group of subjects.
Materials and Methods

Serum Specimens
Patients whose serum was used in this study fulfilled the revised American College of Rheumatology criteria for SLE (12) and all had anti-DNA antibody titers of 1:10.
Control sera were drawn from a group of apparently healthy, age-(±5 year) and sex-matched subjects selected from laboratory personnel and other hospital employees, their relatives, and friends. Serum specimens were obtained by routine venipuncture.
The protocol was approved by the institutional review board responsible for human subject experimentation at St.
Joseph's Hospital and Medical Center. After separation, sera were stored at -70 #{176}C until studied.
For comparative purposes, sera from four HIV-positive patients were studied. These were included to determine whether another group of hypergammaglobulinemic subjects in whom autoantibodies are frequently found (13) would give comparable spectrotype distributions.
These specimens were also from the bank maintained at -70 #{176}C.
PreparativeChromatography
IgG was purified on a 65 x 6.7 mm semipreparative column containing 2. hydration, nitrocellulose was overlaid onto the gel, bubbles were gently rolled out, and the sandwich was incubated for 1 h in a humid chamber.
The blocking procedure was modified as follows: after a PBS rinse, gels were blocked for 1 h with milk (50 g of nonfat dry milk powder per liter of 1X blotting buffer, a proprietary buffer containing normal goat serum, fetal bovine serum, and 0.02 g of thimerosal).
After washing (three After another wash (three 5-mm washes in washing buffer), bands were developed for 15 mm with substrate, prepared as recommended by the manufacturer.
5-mm
Development was stopped by rapidly rinsing with distilled water, followed by two further washes.
Autoantibody
Assays
Anti-DNA antibody titers for patients who were studied longitudinally were determined by using the immu- 
Results
Preparationof lgG from SLE Serum
As can be seen in Table 1 , the SLE patients had mean serum IgG concentrations greater than twice that of the control subjects. After purification (two passes through the ligand affinity column),
we observed an average recovery of 42% for the SLE patients and 70% for the control subjects.
These data compare favorably with those in our previous work on this method (14) Blue. We found poor resolution at higher loading. At the low concentrations of IgG that we applied, silver stain gave excellent detection and discrimination of the bands (Figures 1A and 2) and, within the range of IgG concentrations applied to the gels, loading did not affect distribution of the spectrotypes.
Using the narrow-beamwidth setting on the densitometer, we were able to discriminate the bands adequately for this study, i.e., to calculate the relative percentage of IgG in discrete regions of the spectrotype.
We observed that within the range of IgG loading of the gels, distribution of bands within the spectrotype resulted in identical spectrotypes of sera run on different gels and on different days. This is best exemplified by the points in the standard curve in Figure 3 , where the variability of migration distance (for 12 runs) was so small that the standard error (0.09 at p1 9.3 to 0.17 at p1 5.85) fell within the circles at the plotting points. Coefficients of variation ranged from 14.5% for the p1 9.3 marker to 6.2% for the 5.85 p1 marker.
The isoelectric focusing gel in Figure l#{192} compares the IgG spectrotype pattern of a representative SLE patient (P) and a control subject (C). Although the range of p1 observed is similar, i.e., from -5.5 to 9.0 (the most cationic ampholyte incorporated in this gel is actually 9.0; the band is the 9.3 marker), the patient's serum clearly demonstrates increased density at p1 >7.35. The densitometric scan of this gel ( Figure 1B) provides a more quantitative measure of this skew toward higher p1 in the patient's spectrotype.
In experiments published earlier by another group (15), specific subclasses of IgG in myeloma sera were identified by immunoblotting of isofocusing gels and probing with specific antisera. We used a similar approach to demonstrate that the relatively wide range of p1 observed in the spectrotypes that we measured was, in fact, IgG (even though we used twice-chromatographed samples). The developed immunoblots are shown in Figure 2 and 
9.30
better in the gels, even when blots were generated from gels with higher IgG loading (not shown). A standard curve of migration position (distance from the start scan point at the cationic end of the gel) vs p1 was made for gel markers from 5.85 to 9.3. This plot, shown in Figure 3 , was fitted to a fifth-order polynomial 
ClinicalStudies
Having obtained the positions of the appropriate p1 intervals, we used the integrator lines within each interval to calculate the areas under the curves, expressed as percent of total IgG. This was done for specimens from 10 SLE patients and 10 age-and sex-matched control Subjects ( Table 1 This skew does not appear to be related solely to an increase in polyclonal IgG. We chose four serum samples from HIV-infected subjects and purified IgG from these. Although all had polyclonal increases of IgG, only one demonstrated a cationic shift. Longitudinal studies of IgG spectrotypes were conducted on SLE patients' sera that had been stored at -70 #{176}C for almost 3 years ( Figure 5) . In Figure 5A 1280) . This anionic clonotype and another group appearing in the same specimen as a cluster centered around p1 5.0 seem not to persist, although the emergence of the peak at 5.5 may be detectable as a slight peak in the specimen harvested several months earlier (August 19, 1988) . A clonotype or group of clonotypes at or near p15.5 is also observed in the specimens from the patients depicted in Figure 5 , C and D. Interestingly, even when distinguishable accompanying clonotypes ( Figure 5C , specimen dated April 15, 1988) or broadening ( Figure 5D , specimen dated January 11, 1991) occurred, other specimens from the same patient showed the most persistent single peak at 5.5.
DIscussIon
The (20) isolated anti-DNA antibodies from serum of SLE patients and healthy subjects and found no restriction of p1 in either group, both groups having p1 5.4-9.0. They did not report on the quantitative aspects of the spectrotype distributions.
We found that the whole-IgG fractions from serum of our patients and control groups were similarly unrestricted (as would be expected from whole IgG fractions) in p1 but that quantitatively there was a statistically significant skew toward the cationic end of the spectro-. type. In another study of myeloma immunoglobulins, Fasullo et al. (15) clearly showed that these paraproteins could isofocus at a p1 as low as 6.0, demonstrating that a cationic shift is not characteristic of a single paraprotein increase. Moreover, in our study of IgG from HIV-infected patients, it appears that polyclonal increases in IgG in other diseases are not necessarily accompanied by a shift toward cationic p1.
Additionally, we provide data on a small but interesting group of stored SLE serum specimens from four patients. All four patients had predominantly cationic IgG spectrotypes over the several-year collection period, but additionally several individual sera contained a band or group of bands in the p1 5.0-6.0 range, principally at p1 -5.5. A similar finding with regard to a partial restriction in anionic (p1 5. 
